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(57) Abstract 

Methods and apparatus are provided for welding or sealing vessels or organs by collapsing a vessel with a jaw-like structure, applying 
an RF current between first, and second bipolar electrodes (50A, 50B), and directing path of the RF current using a channeling electrode 
(55A, 5SB) disposed intermediate ttie first and second bipolar electrodes. The jaw structure may be configured to progressively collapse the 
selection of tissue to may squeeze fluids out of the lumen of the vessel. In addition, or alternatively, the jaw structure may be configured 
to elongated the collapsed section if vessel to alter its impedance characteristics prior to application of RF energy. The device also may 
include one or more sensors providing signals to a power controller that modulates application of RF energy to the vessel. 
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RADIOFREQUENCY MEDICAL INSTRUMENT 
FOR VESSEL WELDING 



Field Of The Invention 
5 This invention relates to methods and 

apparatus for utilizing RF energy to seal tubular 
vessels of organs, and more particularly for delivering 
RF energy in a controlled manner to denature proteins 
in the endothelial tissues to form a thermal biological 
10 weld to close. the vessel or organ. 

Background Of The Invention 

In both open and endoscopic surgeries, it. 
often is necessary to seal or weld blood vessels, both 
veins and arteries, ranging in size from less than 1 mm 

15 in diameter to more than 6 mm in diameter. For 

example, in subfacial endoscopic perforator surgery or 
SEPS, a series of perforator vessels in a patient's leg 
are sealed closed to alleviate venous ulcerations. In 
a typical SEPS procedure, the surgeon uses a 

20 mechanically deformable clip to pinch off such 

perforator vessels. A single clip may not seal a 
vessel in a reliable manner and the surgeon typically 
uses multiple clips on each perforator vessel to assure 
an effective seal. It would be preferable to seal a 

25 vessel without leaving a metal clip implanted in the 
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patient's body. 

Radiofrequency ("'RF") instruments for sealing 
blood vessels have been developed. An example of a 
previously known bi-polar grasper, shown in FIG. lA, 
5 typically applies from 40 watts to 100 watts or more of 
power to the exterior of a vessel to cauterize such 
vessels or vascularized tissue masses. To use such 
previously known bi-polar instruments, a blood vessel 
is squeezed between the opposing jaw faces of the 
10 grasper (see FIG. IB) . Each jaw face comprises a 

conductive electrode 2A, 2B. When operating in a bi- 
polar fashion, the RF current generally flows between 
electrodes 2A and 23, and directly "across" vessel 3, 
as indicated by the arrow in FIG. IB. 
15 Additionally, there may be stray RF current 

flow in circuitous low resistance routes, e.g., 
outwardly along the vessel and then through surrounding 
tissue, to reach the other electrode, as indicated by 
arrow 4 in FIG. IC. This type of stray RF current flow 
20 is undesirable. For example, in a SEPS procedure or 

when sealing a branch vein of any arterial conduit that 
may be mobilized for a bypass, it is undesirable to 
have stray RF current affect the arterial conduit. 

In using a previously known device such as 
25 depicted in FIGS. lA-lC, the impedance of the tissue of 
the vessel wall changes continuously during the 
application of RF, making sealing erratic. The high 
levels of power typically used in previously known 
devices (e.g., 40 to 100 watts), makes the tissue 
30 impedance levels undesirably change very rapidly. At 
power levels ranging from 40 to 100 watts, impedance 
levels typically will increase within a few seconds to 
a level such that RF energy flow is impeded or 
restricted altogether, and may contribute to an 
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increase in stray RF current. Moreover, the vessel 
walls often will not be fused together over a 
sufficient area to provide an effective seal. 

Furthermore/ previously known devices/ such 
5 as shown in FIGS. lA-lC/ which simply clamp the vessel 
walls together, often entrap blood between the luminal 
surfaces. This trapped blood acts as a heat sink and 
may adversely affect the uniformity of RF thermal 
effects. It has been observed that the entrapment of 
10 blood within the lumen significantly interferes with 
the binding characteristics of the denatured proteins 
that are created and that comprise the amalgam for 
fusing the vessel walls together. 

It would therefor be desirable to provide an 
15 RF energy delivery system, and methods of use, that 
reduce the unwanted effects of variable tissue 
impedance, thereby allowing an effective energy 
delivery profile in the tissue targeted for welding. 

It also would be desirable to provide an RF 
20 energy delivery system, and methods of use, wherein an 
openable/closeable jaw structure reduces the risk of 
entrapping blood between the vessel walls. 

It further would be desirable to provide an 
RF energy delivery system, and methods of use, that 
25 reduce tissue charring and smoke, which can obscure the 
physician's view, particularly in endoscopic surgeries. 

It still further would be desirable to 
provide an RF energy delivery system, and methods of 
use, that reduce the outward spread of thermal effects 
30 along a vessel (e.g., to protect a main vessel when 
sealing branch vessels close to main vessel) . 

It also would be desirable to provide an RF 
energy delivery system, and methods of use, that 
substantially reduce stray RF currents from traveling 
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outwardly along a vessel away from the portion targeted 
for welding - 

Siimmarv Of Th e Invention 

In view of the foregoing, it is an object of 
5 this invention to provide an RF energy delivery system, 
and methods of use, that reduce the unwanted effects of 
variable tissue impedance, thereby allowing an 
effective energy delivery profile in the tissue 
targeted for welding. 
10 It is also an object of this invention to 

provide an RF energy delivery system, and methods of 
use, wherein an openable/closeable jaw structure 
reduces the risk of entrapping blood between the vessel 
walls. 

15 It is a further object of the present 

invention to provide an RF energy delivery system, and 
methods of use, that reduce tissue charring and smoke, 
which can obscure the physician's view, particularly in 
endoscopic surgeries. 
20 It is another object of this invention to 

provide an RF energy delivery system, and methods of 
use., that reduce the outward spread of thermal effects 
along a vessel. 

It still further is an object of this 
25 invention to provide an RF energy delivery system, and 
methods of use, that substantially reduce stray RF 
currents from traveling outwardly along a vessel away 
from the portion targeted for welding. 

These and other objects of the present 
30 invention are accomplished by providing apparatus and 
methods for applying RF energy to tissue that: (1) 
progressively engage a vessel or organ to minimize the 
amount of blood entrapped in the liomen, and thereafter 
maintains the vessel walls in close approximation under 
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appropriate pressures for welding; (2) deliver bi-polar 
RF energy longitudinally along the length of the vessel 
to create an effective seal; (3) direct the path of the 
RF current along the vessel lumen; and optionally (4) 
5 stretch the targeted vessel segment prior to 

application of the RF energy to alter its impedance 
characteristics . 

A preferred embodiment of an instrument of 
the present invention comprises an introducer member 

10 that carries a distal working end with an 

openable/closeable jaw structure for engaging a 
targeted vessel section. The jaw structure is moveable 
between an open position and a closed position by a 
suitable mechanism disposed in a handle portion coupled 

15 to the introducer member. The jaw structure has an 

upper jaw side or member and a lower jaw side or member 
with cooperating opposing jaw faces. 

Each jaw face defines right-side and left- 
side portions that cooperate with portions of the 

20 opposing jaw face. The upper jaw side includes a 
central projecting portion. In a first family of 
embodiments, the lower jaw has deflectable right-side 
and left-side elements with a central receiving 
structure or gap for receiving the opposing side's 

25 projecting portion. In an alternative embodiment, the 
central projecting portion of the upper jaw side 
comprises one or more resiliently deformable elements 
that progressively flatten as the upper and lower jaw 
sides close together. 

30 The cooperating jaw faces in both families of 

embodiments serve several purposes. First, the upper 
and lower jaw faces are arranged so that they 
progressively engage the vessel from the center of the 
targeted vessel section and cause blood within the 
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lumen to be squeezed out of the targeted area. Second, 
the upper and lower jaw faces may. be configured to 
stretch the vessel before RF delivery to alter the 
impedance characteristics of the targeted vessel 
5 section. Also, the arrangement of the upper and lower 
jaws faces allow the jaw structure to accommodate 
vessels of different diameters and maintain the luminal 
surfaces (when collapsed) within a particular pressure 
range that is suitable for an RF-induced thermal 

10 biological weld. 

In accordance with the principles of the 
present invention, the jaw structure carries an 
electrode configuration that allows RF energy delivery 
at very low power levels (0.50 to 30.0 watts), yet 

15 creates thermal effects sufficient to weld luminal 
tissues. First and second bi-polar electrodes, 
disposed on right-side and left-side portions of the 
jaw assembly, provide a flow of current longitudinally 
through the targeted vessel section. Optionally, one 

20 or more non-active ^^channeling" electrodes, i.e., that 
are insulated from the first and second bi-polar 
electrodes and the RF power supply, may be positioned 
at least partially intermediate to the first and second 
bi-polar electrodes. One or more sensors also may be 

25 provided to measure temperatures or impedance levels of 
the section of the vessel targeted for welding, 
contemporaneous with RF energy delivery. 

A preferred method of the present invention 
for welding closed the lumen of a blood vessel or organ 

30 comprises: (1) delivering an RF current along a vessel 
section between first and second spaced-apart bi-polar 
electrodes; and (2) directing the RF current between 
the first and second electrodes through a path in 
tissue generally proximate to an intermediate 
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channeling electrode that is in longitudinal contact 
with the vessel section. 

Optionally/ prior to application of the RF 
current, the vessel may be progressively engaged by 
5 first engaging a center section and then pushing blood 
outwardly from the vessel lumen toward the first and 
second ends of the vessel section. Alternatively, or 
in addition, the impedance characteristics of the 
vessel section targeted for welding may be altered by 
10 stretching or extending the targeted vessel section to 
alter the extracellular fluid C^ECF") content level of 
the vessel wall and endothelium. 

Brief Description Of The Drawings 

Additional objects and advantages of the 
15 invention will be apparent from the following 

description, the accompanying drawings and the appended 
claims, in which: 

FIGS. lA-lC are perspective views of a jaw 
structure of a previously known bi-polar radiof requency 
20 device and its use in cautery; 

FIGS. 2A-2B are, respectively, plan views of 
the jaw structure of a first family of embodiments of 
the present invention with the jaw sides in the open 
and closed positions; 
25 FIG. 3A is a perspective sectional view of 

the jaw structure of FIG. 2A; 

FIG. 33 is a perspective sectional view of 
the jaw structure of FIG- 23; 

FIGS. 4A-4D depict alternative cross- 
30 sectional shapes of the upper jaw side of the device of 
the present invention; 

FIG. 5 shows an alternative upper jaw element 
having thermal sensors; 
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FIGS. 6A-6B are schematic views of a SEPS 
procedure performed using the instrument and methods of 
the present invention; 

FIGS. 7A-7C are sectional views of a part of 
5 a blood vessel targeted for treatment depicting, in 
sequence, a method of the present invention to weld or 
seal the blood vessel lumen; 

FIG. 8 is a sectional view of the targeted 
vessel section taken along line 8-8 of FIG. 7C; 
10 FIG. 9 is a block diagram of a power 

controller of an alternative embodiment of the 
apparatus of the present invention; 

FIG. 10 is a plan view of the jaw structure 
of a second family of embodiments of the present 
15 invention with the jaw sides in the open position; 

FIG. 11 is a perspective view of the jaw 
structure of FIG. 10; 

FIGS. 12A-12C are sectional views of a part 
of a blood vessel targeted for treatment depicting, in 
20 sequence, a method of the operating the device of FIGS. 
10 and 11; 

FIG. 13 is a perspective view of the jaw 
structure of an alternative member of the second family 
of embodiments of the present invention with the jaw 
25 sides in the open position; and 

FIGS. 14A-14C are sectional views of a part 
of a blood vessel targeted for treatment depicting, in 
sequence, operation the device of FIG. 13. 

Detailed Description Of The Invention 
30 The present invention provides apparatus and 

methods for controlling the effects of RF energy 
delivery to a blood vessel captured within a working 
end of an instrument to improve RF energy delivery 
profiles for welding small and large blood vessels (or 
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other organs) quickly and efficiently. 

The apparatus and methods of the present 
invention may be used to seal or weld blood vessels in 
a nvanber of different procedures. For purposes of 
5 illustration, the present invention is described for 
use in performing subfacial endoscopic perforator 
surgery (SEPS) . In this disclosure, the term vessel is 
defined to include any artery or vein of any size, and 
further includes tissue/vessel combinations or 

10 vascularized tissue masses where an individual vessel 
cannot be separated from the tissue. The apparatus and 
methods of the present invention also find application 
in sealing the lumens of other organs or anatomic 
structures having lumens with collagen-containing 

15 tissues capable of forming biological glue. 

It is known that many beneficial results, 
such as the reduction of charring, smoke, and stray RF 
current, may be achieved by reducing RF power levels. 
In accordance with the principles of the present 

20 invention, RF power levels may be reduced to 0.50 watts 
to 30.0 watts, delivered, for example, over a period of 
5 to 20 seconds (depending on vessel size) and still 
achieve the significant thermal effects required to 
weld tissue. 

25 The mechanism of tissue welding is complex 

and is not completely understood. The application of 
RF energy to tissue results in heat which denatures 
tissue proteins in the vessel walls and in the 
endothelial lining of the vessel, which includes a high 

30 percentage of collagen. The heat denatures the 

proteins in the collagen-containing tissues into a 
proteinaceous amalgam, which forms a thermal biological 
glue in a temperature range from 65® C to 90* C. The 
integrity of the sealing effect depends greatly on the 
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conductive characteristics of the target tissue, which 
in turn effect denaturation of proteins. 

To form an effective seal, it is necessary to 
maintain a desired temperature over the targeted vessel 
5 section for an appropriate time period to develop a 
uniform layer of denatured proteins. Even partial 
denaturation of the endothelial lining involves 
disruption of cellular membranes, thereby allowing 
cellular fluids and extracellular matrix materials to 

10 intermix. The resultant thermally elevated amalgam of 
denatured proteins bind together to create a biological 
weld. When the source of thermal energy is removed, 
the proteins re-nature and fuse the luminal walls. As 
the vessel heals over time, the biological weld is 

15 reabsorbed by the body via the wound healing process. 

Several variables come into play when using 
RF energy to elevate luminal tissues to the levels 
required to denature proteins. For purposes of the 
present invention, the energy source may be a 

20 previously known RF generator operating with a high 

frequency alternating current {e.g., from 50,000 Hz to 
550,000 Hz) that is adapted to flow from (or between) 
one or more electrodes through the vessel walls 
targeted for welding. As is known, the application of 

25 such alternating current causes ionic agitation and 
friction in the targeted tissue as ions (generally 
within extracellular matrices and not within 
intracellular fluids) follow the changes in direction 
of the alternating current. Such ionic agitation or 

30 frictional heating does not result from direct tissue 
contact with a resistive electrode. 

In the delivery of energy to a tissue mass, 
I = E/R, where I is the intensity of the current in 
amperes, E is the energy potential measured in volts 
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and R is the tissue resistance measured in ohms. 
Current density, or the level of current intensity, is 
an important gauge of energy delivery, and relates to 
the impedance of the targeted tissue mass. The level 
5 of heat generated within the target tissue thus is 
influenced by several factors, such as (i) RF current 
intensity, (ii) RF current frequency, (iii) impedance 
levels within the targeted tissue disposed between the 
electrodes, which vary during a treatment cycle, 

10 (iv) heat dissipation from the targeted tissue; 

(v) duration of RF energy delivery, and (vi) distance 
traveled through the targeted tissue by the RF current 
between the conductive electrodes. 

Referring now to FIGS. 2A-2B, a member of a 

15 first family of preferred embodiments constructed in 
accordance with the present invention is described. 
Instrument 5, which is adapted for open or endoscopic 
procedures with handle portion 7 (see FIG. 6A) , is 
coupled to elongate introducer portion 10 extending 

20 along axis 15 and carrying distal working end 16. 

Introducer portion 10 illustratively has a cylindrical 
cross-section and is made of suitable biocompatible 
materials, such as metal or plastic. Introducer 
portion 10 preferably has an outer diameter ranging 

25 from 5 mm to 10 mm, e.g., to cooperate with a standard 
endoscopic trocar sleeve. 

Referring now also to FIGS. 3A-3B, working 
end 16 comprises an openable/closeable jaw assembly 
with first and second jaw sides or members 30A and SOB 

30 carried by introducer portion 10. Upper jaw side 3 OA 
is pivotable around pin 31 and lower jaw side 30B is in 
an axially stationary position relative to the 
introducer member. Alternatively, both jaw arms or 
members 30A and 30B may be pivotable. 
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Lower jaw member 30B is configured as 
resilient structure with right-side and left-side jaw 
elements 32a and 32b (when viewed from the proximal end 
of instrument 5) defining space or gap 37 therebetween. 
5 The deflectable right-side and left-side elements 32a 
and 32b are adapted to at least partly straddle the 
centered projecting portion 35 of upper jaw side 30A 
when closing. Upper jaw member 30A is moveable 
relative to lower jaw member 30B from an open position 
^ 10 (shown in FIGS. 2A and 3A) through various converging 

= positions (not shown) towards the closed position of 

' FIGS. 2B and 3B. Spring 33 biases jaw member 30A to 

- the open position (see FIG. 2A and 2B) . 

Introducer portion 10 comprises concentric 
' 15 inner and outer extension members 40A and 40B. Lower 

* jaw side 30B extends from inner extension member 40A 

- and upper jaw side 30A is pivotably coupled to inner 

1 extension member 40A by pivot pin 31. Outer extension 

- member 40B slidably cooperates with inner extension 

* 20 member 40A and serves as a jaw-actuation mechanism to 

slidably push the upper jaw toward a closed position 
(FIG. 2B) . Alternatively, upper jaw 30A may be coupled 

* to extension member 40A by any suitable form of 

3 resilient hinge- type element rather than pivot pin 31, 

- 25 such as a living hinge formed of plastic injection- 

^ molded material. Upper and lower jaw members 30A and 

^ 30B of working end 16 are of a medical grade plastic or 

other nonconductive material or are otherwise insulated 
f from the RF electrodes carried within the jaw assembly 

30 which are described in more detail below, 
t Lower jaw side 30B comprises right-side jaw 

f face portion 42A and left-side jaw face portion 42B on 

deflectable elements 32a and 32b, respectively, which 
t elements are capable of deflecting or flexing 
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rotationally relative to axis 15. Each right-side and 
left-side jaw face 42A and 42B optionally may have a 
grip texture 43 (not shown which may include 
serrations, hatching, projecting points, etc.) covering 
5 its vessel-engaging surface for gripping an engaged 
vessel . 

As may be observed by comparing FIG. 3A and 
FIG. 3B, each of deflectable jaw elements 32a and 32b 
rotationally flexes about spring hinge element 44. 
10 Hinge element 44 may be a flat spring of any suitable 
resilient material, and urges the top edges of elements 
32a and 32b inward toward axis 15. Alternatively, 
elements 32a and 32b may be pivotable relative to axis 
15 by means of a pin-type hinge (not shown) with a 
15 spring urging the arm inward toward axis 15/ rather 

than employing hinge element 44. Elements 32a and 32b 
are coupled to extension member 40A by resilient 
connections at 47 disposed in the distal end of 
extension member 40A. In a preferred embodiment, 
20 plastic elements 32a and 32b are engaged with insert- 
molded metal hinge element 44. 

In operation, when right-side and left-side 
jaw faces 42A and 42B close toward the proximal-most 
edge 36 of cooperating projecting portion 35, and 
25 thereafter push against edge 36, deflectable elements 
32a and 32b deflect rotationally outwardly. This 
movement of elements 32a and 32b in turn causes faces 
42A and 42B to slide along right-side face 45A and 
left-side face 45B, respectively, of projecting portion 
30 35. The axial force required to be applied on 

extension member 4 OA to cause elements 32a and 32b to 
deflect around projecting portion 35 is not high, and 
is determined by the spring constant of the resilient 
material of hinge element 44. 
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The spring material of hinge element 44 
preferably is selected to provide sufficient resistance 
to outward deflection of elements 32a and 32b to 
collapse a blood vessel and then to maintain a length 
5 of the captured vessel under pressure, thereby insuring 
the walls of the vessel lumen are in suitable contact 
for welding* Thus, cooperation of right-side and left- 
side faces 42A and 42B when sliding around right-side 
and left-side faces 45A and 45B, respectively, of 
10 projecting portion 35 progressively engages the vessel, 
from its center outward, to squeeze blood from the 
lumen. Moreover, cooperation of right-side and left- 
side faces 42A and 42B when sliding around right and 
left-side faces 45A and 45B stretches the vessel 
15 section around projecting portion 35 • The extent of 
such stretching or vessel elongation is partly 
dependent on the grip texture 43 {not shown) impressed 
on right-side and left-side faces 42A and 42B and the 
resistance to flexing engineered into hinge element 44 
20 coupling elements 32a and 32b. 

Referring still to FIGS. 3A and 3B, the cross 
sectional shape of projecting portion 35 has an arcuate 
shape with right-side and left-side face portions 45A 
and 45B that extend into gap 37 between elements 32a 
25 and 32b and the cooperating curved surfaces thereof. 
Cooperating faces 42A and 42B and 45A and 45B, 
respectively, may be have any suitable planar or curved 
cross-section relative to one another, and still 
squeeze the blood from the lumen as a blood vessel is 
30 collapsed. FIGS. 4A-4D depict alternative cross- 
sectional shapes of distal jaw side 30A of an 
openable/closeable jaws structure having projecting 
portion 35. The cooperating lower jaw side 30B (not 
shown) for the upper jaw 30A depicted in FIGS. 4A-4D 
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surfaces 45A and 45B. 

Working end 16 carries an active and non- 
active electrode configuration that allows RF energy 
5 delivery at very low power levels, e.g./ 0.50 to 30.0 
watts, as described hereinbelow, yet still creates 
thermal effects in tissue sufficient to denature 
proteins. The electrode configuration performs a 
method of RF energy delivery referred to herein as 

10 ^Mirected-path" bi-polar RF energy delivery. Such 
^Mirected-path" RF energy delivery is accomplished 
using a ^^channeling" electrode system comprising at 
least one '^non-active" electrode that is positioned in 
contact with the targeted tissue, but spaced apart and 

15 intermediate to the first and second ""active" bi-polar 
electrodes. 

In FIGS. 3A-3B, right-side and left-side 
faces 45A and 45B, respectively, of projecting portion 
35 carry cooperating right-side and left-side active 

20 bi-polar electrodes 50A and 503. As shown in FIGS. 2A 
and 2B, wires 62A and 62B carry bi-polar RF energy to 
and from the paired conductive electrodes 50A and 50B. 
Active electrodes 50A and 50B may comprise any suitable 
material, such as gold, nickel titanium, platinum, 

25 stainless steel, aluminum or copper, and may be molded 
or bonded to faces 45A and 45B of the upper jaw member. 
Channeling electrodes 55A and 55B are carried in right- 
side and left-side jaw faces 42A and 42B, respectively, 
that generally oppose jaws faces 45A and 45B carrying 

30 active electrodes 50A and 50B, respectively. 

Channeling electrodes 55A and 55B may comprise any 
suitable conductive material, but are not electrically 
active, i.e., they are entirely surrounded by non- 
conductive material, such as a plastic. 



wo 99/40861 



PCT/US99/03379 



"16- 

In accordance with one aspect of the present 
invention, a channeling electrode may comprise a one or 
more such electrode • For example, hinge element 44 may 
comprise a channeling electrode, if in contact with 
5 tissue, and thus serve multiple functions. As 
described hereinbelow, any number of channeling 
electrodes may be used, provided that the channeling 
electrodes are proximate to one another and positioned 
to contact the targeted tissue between the active 

10 electrodes. The channeling electrodes of the present 
invention direct the path of bi-polar RF current flow 
at the desired low power levels (0.50 to 30.0 watts). 

The active electrode pair 50A and SOB are 
configured to send RF energy through a targeted 

15 longitudinal section of vessel captured in working end 
16. While right-side and left-side electrodes 50A and 
SOB are illustratively carried by upper jaw member 30A, 
it will be appreciated that these electrodes may be 
carried in any left and right parts of working end 16 

20 in contact with an engaged blood vessel for delivering 
RF current longitudinally through the vessel section. 
For example, the electrodes alternatively may be 
carried in right-side and left-side faces 42A and 42B 
of jaw elements 32a and 32b. The channeling 

25 electrode (s) may be arranged at any suitable position 
between the left and right active bi-polar electrodes, 
or may even overlap the active bi-polar electrodes. 

With respect to FIG. 5, an alternative 
embodiment is described that includes an array of 

30 individual sensors 72A and 72B carried in a portion of 
the jaw assembly that contacts the blood vessel section 
being welded. Sensors 72A-72B preferably are located 
slightly spaced apart from electrodes 50A and SOB, and 
measure temperatures of tissue adjacent to the active 
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electrodes during a vessel welding operation. 
Alternatively, sensors 72A and 72B may be replaced by 
more or fewer sensors, and may be configured to measure 
the temperatures of the electrodes, rather than the 
5 adjacent tissue. Each sensor of an array preferably 
comprises a thermocouple, e.g., a T-type thermocouple 
formed from paired dissimilar metals such as copper and 
constantan, or a thermistor (i.e., a temperature sensor 
that has a resistance that varies with the temperature 
10 level) . 

Referring now to FIGS. 6A-6B, RF source or 
generator 60 is provided for delivering RF current to 
active bi-polar electrodes 50A and SOB in contact with 
the blood vessel (or other vascularized tissue) engaged 

15 in the jaw assembly. As shown in FIG. 3B, the active 
and channeling electrodes are positioned in faces 45A- 
45B and 42A-42B so as to provide laterally outwardly 
directed insulated portions 57A and 57B of both jaw 
members, thereby insuring that the electrodes are not 

20 exposed on an outermost surface of working end 16 when 
the jaws are closed. Thus, * the positioning of 
electrodes prevent them from contacting tissue surfaces 
other than the targeted vessel section. 

Bi-polar wires 62A and 62B extend through 

25 handle portion 7 (see FIG. 6A) to power transmission 
cable 65, which is connected via a detachable coupling 
to an energy source, such as a previously known RF 
generator or source 60. Bi-polar RF current may be 
switched on and off by foot pedal 68, or any other 

30 suitable means such as a switch in handle 7 (not 

shown) . Optional power controller 70, described in 
more detail hereinbelow, is coupled to instrument 5 and 
RF source 60 via cable 65. Lever arm 73 in handle 7 is 
arranged to move outer extension member 40B back and 
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forth as a jaw-actuating mechanism, as is knovm in the 
art, to move upper jaw side 30A toward lower jaw side 
30B between the open position (FIG. 2A) and the closed 
position (FIG. 2B) . 
5 Still referring to FIGS. 6A-6B, operation and 

use of the instriment of FIG. 2 in performing a method 
of the invention is described. First, the surgeon 
inserts endoscope 95 (or any other suitable instrument) 
into a patient's leg through first incision 98, to 
10 dissect an access path to perforator lOOA between 

superficial vein 102 and deep vein 104. It should be 
appreciated that there may be from one to ten or more 
perforator vessels that must be sealed in a SEPS 
procedure, four perforators lOOA-lOOD are shown. 
15 The surgeon then introduces the distal end of 

instrument 5 through second incision 108 and advances 
it towards the location of perforator lOOA. The access 
space around the perforators may be dissected and 
retracted mechanically or by insufflation by known 
20 means (not shown) . 

FIG. 7A is an enlarged view representing a 
particular longitudinal section 105 of perforator lOOA 
(or any other blood vessel) that is targeted for 
sealing in the interior of the patient's body. The 
25 surgeon generally identifies a vessel section 105 which 
is bounded by right and left end portions lllA and lllB 
and is positioned between upper and lower jaw members 
30A and BOB in the open position. The vessel has liamen 
110 and endothelium 112 with blood 115 within. Right 
30 and left ends lllA and lllB, respectively, of vessel 

105 are spaced apart a distance C, as described further 
below. 
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With respect to FIG. 7B, the surgeon 
progressively moves the jaws toward the closed 
position/ so that right-side and left-side faces 42A 
and 42B of lower jaw side 30B press and collapse the 
5 vessel against proximal -most edge 36 of projecting 
portion 35. Thus, as lumen 110 is collapsed at a 
center portion of the targeted vessel section, flow of 
blood 115 through the vessel is pinched off and 
terminated. 

10 Referring next to FIGS. 73 and 7C, as vessel 

progressively collapses further, substantially all of 
the blood is squeezed from the vessel segment targeted 
for sealing. In particular, right-side and left-side 
jaw faces 42A and 42B carried by deflectable elements 

15 32a and 32b of the lower jaw structure slidably move 
over the vessel relative to faces 45A and 45B of 
opposing jaw side 30A. In contrast to previously known 
jaw arrangements, which may trap blood between 
approximated vessel walls, the progressive sliding 

20 movement of portions of jaw faces 42A and 42B relative 
to the opposing jaw faces 45A and 45B causes 
substantially all blood 115 to be pushed out of the 
targeted vessel section. FIG. 7C shows the vessel 
section 105 captured in the jaw assembly in the closed 

25 position, ready for RF energy delivery. 

Referring now to FIG. 8, an enlarged view of 
vessel section 105 is shown with RF current flow 
indicated by arrows 135. To weld or seal the target 
vessel section, the surgeon actuates a foot pedal or 

30 other type of switch to allow a bi-polar current to 
flow between electrodes 50A and electrode 508 
longitudinally through the extended length C of the 
vessel. The RF current flow along a path from the 
first bi-polar electrode, through the most conductive 
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tissue, and to the cooperating second bi-polar 
electrode, i.e., along the path of least resistance 
between cooperating electrodes. 

Applicant has discovered that by positioning 
5 channeling electrodes 55A and 55B intermediate to the 
active bi-polar electrodes 50A and 50B, RF current flow 
is channeled or directed between the active electrodes 
through the tissue in contact with the channeling 
electrodes. As illustrated in FIG. 8, arrows 135 
10 (collectively) indicate the flow of RF current 

generally from first bi-polar electrode 50A through 
tissue toward channeling electrode 55A, then generally 
longitudinally through tissue proximate to channeling 
electrodes 55A and 55B, until reaching cooperating bi- 
15 polar electrode 503. 

Of particular interest to this method of the 
invention, it has been found that the use of the 
channeling electrode system substantially reduces 
''stray'' RF current that finds its way along other paths 
20 of lesser resistance through tissues between 

electrodes. By thus directing RF current along a 
desired path through the tissue, along with the absence 
of stray RF flows, it has been observed that RF power 
levels can be reduced significantly and still deliver 
25 the required thermal effects needed to weld tissues. 

Accordingly, the present invention provides a 
method of utilizing a working end 16 that has 
longitudinally spaced-apart bi-polar electrodes with at 
least one intermediate channeling electrode, is adapted 
30 to deliver RF current ranging in power from 0.50 to 
30,0 watts for sealing lumens in organs, the power 
levels varying depending generally on the size of the 
vessel being sealed. More preferably, the method will 
deliver RF current ranging in power from 0.50 to 20.0 
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watts, and still more preferably, from 0.50 to 10,0 
wattS/ to weld endothelial tissues or collagen 
containing tissues to create a thermal biological glue. 
Referring still to FIG. 8, the schematic 
5 sectional illustration shows that an elongate weld 125 
is created where the proteins (including collagen) are 
denatured, then intermix, and then fuse together upon 
cooling to fuse the vessel walls together. In 
delivering the flow of RF current generally between 

10 electrodes 50A and SOB along the path directed by 

channeling electrodes 55A-55B/ the surgeon may select a 
pre-set current intensity levels. The duration of RF 
delivery may range from about 1.0 seconds to about 30.0 
seconds or more depending on current intensity. 

15 Returning to FIGS. 7A-7C, another aspect of 

the methods of the invention is described, in which the 
targeted vessel section is stretched or elongated as it 
is engaged by working end 16. In particular, targeted 
vessel section 105 is stretched somewhat lengthwise 

20 when right end lllA and left end lllB move apart, 
relative to the axis of the vessel. The pre- 
manipulated length of target section is indicated at C 
in FIG. 7A. The optional gripping texture 43 (not 
shown) of right-side and left-side faces 42A and 42B 

25 may assist in extending the vessel. It can be seen 
that the closing action of working end 16 causes 
projecting portion 35 to extend target vessel section 
105 into gap 37 as deflectable elements 32a and 32b 
straddle projecting portion 35 to extend the vessel. 

30 FIG. 7C illustrates that the targeted vessel section is 
extended or lengthened somewhat to a length indicated 
at C from the initial length indicated at C (FIG. 7A) . 
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This aspect of longitudinally stretching or 
tensioning the vessel prior to RF delivery alters the 
impedance characteristics of the target tissue, thus 
enhancing RF energy delivery • Specifically, extension 
5 of the target vessel portion in FIG. 7C lowers the 
extracellular fluid (ECF) content of the vessel walls 
that are extended, thereby increasing the impedance (or 
resistance) of the tissue to RF current flow. 
Additionally, such stretching or tensioning may 
10 configured to provide a substantially uniform thickness 
of the target vessel, thereby ensuring a relatively 
uniform impedance over the length of the elongated, 
collapsed section of vessel. 

Without limiting the method of the present 
15 invention to any particular theory, it is believed that 
the tissue extension or manipulation has the effect of ■ 
(1) decreasing the ECF content level of the target 
vessel section 105 when calculated in terms of ECF/cm^ 
of tissue mass, and (2) making the ECF level more 
20 evenly distributed throughout the targeted tissue {at 
the lower ECF/cm^ level) whereas in the prior state, 
the ECF level could vary randomly within the cellular 
structure. 

In FIG. 8, ECF in the non-extended tissue 
25 (indicated at 120) between cells 121 is altered to a 
different state in the extended tissue (indicated at 
122), as the extracellular fluid is squeezed out of the 
tissue (this is indicted graphically by the varied 
patterns of cell density in FIG. 8, compare locations 
30 120 and 122) . In other words, a hydration gradient Gl 
is created between the tissue to be treated and the 
tissue outside the treatment area. In this way, the RF 
current generally flows through the extracellular 
matrix rather than passing through the intracellular 
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fluids and cellular membranes. 

The effects of the tissue manipulation caused 
by the extension of targeted vessel section 105 
alternatively may be described as causing a '"fuse" or 
5 '^fuse point" to form in the tissue when subjected to 
the flow of RF current. Several advantages are offered 
by creating a fuse-type effect in the targeted tissue. 

First/ the delivery of RF current between 
electrodes 50A and SOB will deliver greater levels of 

10 thermal effects for a given current flow or intensity. 
Thus/ the targeted tissue may be elevated to a 
particular desired temperature to denature proteins of 
endothelium 112 at lower levels of RF energy delivery. 
It is desirable to use lower levels, rather than higher 

15 levels, of RF current intensity which/ it is believed, 
will reduce tissue charring, smoke and odor. 

Second, the requisite temperature range for 
protein denaturation can be reached more quickly, thus 
speeding up the process of tissue welding. These first 

20 two advantages provide for an enhanced energy delivery 
profile (delivery of current intensity over several 
seconds) . 

Third, the bi-polar flow longitudinally 
through the vessel between electrodes 50A to SOB 

2S naturally denatures proteins over a longer length of 
vessel lumen, thereby creating a more effective seal. 
This effect is not possible with typical prior art bi- 
polar devices that send current through pinched tissue 
between opposing jaw-electrodes (see FIG. IB) . 

30 Fourth, it is believed that the uniformity in 

the ECF level in the target tissue allows for more 
uniform denaturation to provide a uniform biological 
glue. 
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Fifth, the bi-polar current flow 
longitudinally through the vessel provides little or no 
thermal spread outwardly along the vessel, since the RF 
current substantially flows along the path directed by 
the channeling electrodes between the paired "active" 
electrodes (and not outwardly) . Also, the higher ECF 
level indicated at 120 in the vessel outwardly from 
vessel ends lllA and lllB, together with blood 115, 
acts as a heat sink to prevent significant outward 
thermal spread. In addition, the insulator portions of 
the working end 57A and 57B, outward of electrodes 50A 
and 50B, also prevent outward thermal spread. 

Referring now to FIG. 9, an alternative 
embodiment of the present invention is described that 
15 includes sensors 72A-72B carried by the working end 16 
(as shown in FIG. 5) in combination with electronic 
power controller 70 indicated in FIGS. 6A-6B. Sensors 
72A-72B are adapted to send feedback signals to power 
controller 70, which modulates the delivery of RF 
20 energy delivery to the instrument. Power controller 70 
is shown in FIG. 9 interconnecting RF source 60 and 

instrument 5. 

Power controller 70 is adapted to control 
delivery of RF power in a bi-polar manner between 

25 paired electrodes 50A and SOB, as channeled by 
channeling electrodes 55A-55B according to 
predetermined parameters. The power controller 70 may 
be designed to selectively control power delivery to 
the electrodes in varied operational modes. The power 

30 controller 70, which typically includes microprocessor 
160 together with appropriate software, may be 
programmed to deliver power according to preset 
parameters. On the power controller 70, there may be a 
keyboard, disk drive or other non-volatile memory 
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system, and displays as are well known in the art for 
operating the system. Operator interface 162 may 
include various types of imaging systems for observing 
the RF treatment cycle such as thermal sensor displays 
5 and/or impedance monitoring displays. 

In the preferred manner of operation or 
temperature-controlled operational mode, the operator 
selects, a target temperature level, typically a known 
temperature at which proteins will denature in the 

10 targeted vessel lumen. Temperature signals measured by 
a sensor or sensor array 72A and 72B are continuously 
provided to power controller 70 through a feedback 
circuit. Power controller 70 is programmed to 
terminate power delivery after the targeted vessel 

15 section reaches a predetermined temperature for a 

sufficient period of time, e.g., from about 1.0 second 
to about 30.0 seconds, to denature proteins and form a 
biological glue but still not carbonize the tissue. 

The temperature at the surface of the vessel 

20 in contact with the sensors is substantially close to 
the temperature within the lumen. RF power source 60 
delivers RF current ranging in power at the 
aforementioned power levels for the time intervals 
above to reach (or maintain) tissue temperatures 

25 ranging between 65** C and 95° C to denature proteins in 
the (collagen-containing) endothelial tissues to form a 
biological glue. More preferably, the RF power source 
delivers RF current ranging under the aforementioned 
parameters to reach (or maintain) tissue temperatures 

30 ranging between 70** C. and 90*" C, and still more 

preferably 75** C and 85** C, to denature proteins in the 
endothelial tissues to form the biological glue. 
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Alternatively, sensors 72A and 72B may be 
configured to measure tissue impedance, and power 
controller 70 may include feedback circuitry to 
modulate RF power delivery to the electrode array based 

5 on measured values of tissue impedance. As a yet 
further alternative, power controller 70 may be 
configured to estimate energy delivered to the tissue 
(e.g., based on the voltage between the electrodes and 
measured RF current) and to regulate the supply of RF 
10 current to the electrodes responsive to the estimated 
energy delivery. Still further, a combination of such 
operational modes may be employed to regulate energy 
delivery to the tissue. 

Referring now to FIGS. 10 and 11, a first 

15 member of a second family of preferred embodiments is 
described. Instrument 80, like the embodiment of FIGS. 
2A-2B, is adapted for open or endoscopic procedures 
with a handle portion (not shown) coupled to elongate 
introducer portion 82 extending along axis 85 and 

20 carrying distal working end 86. Introducer portion 82 
preferably is constructed similarly to the embodiment 

of FIGS. 2A-2B. 

As shown in FIG. 11, working end 86 comprises 
an openable-closeable jaw assembly with jaw sides or 

25 members 130A and 130B carried by introducer portion 82. 
Upper jaw side 130A is pivotable around pin 131 and 
lower jaw side 130B is a unitary end portion of the 
introducer member. Alternatively, both jaw members 
130A and 130B may be pivotable. Spring 133 urges jaw 

30 side 130A to the open position. Introducer portion 82 
preferably comprises concentric inner and outer 
extension members 140A and 140B formed of electrically 
insulating material, and may be constructed as 
described with respect to extension members 4 OA and 4 OB 
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of the embodiment of FIGS. 2A-2B. 

In accordance with the second family of 
embodiments of the present invention, upper jaw member 
130A includes resiliently deformable jaw element 132, 
5 which comprise any suitable elastomeric material, such 
as rubber. Jaw element 132 has a repose cross-section 
including a central projecting (or crowned) portion 135 
capable of engaging a central portion of a length of 
targeted vessel. Central projecting portion 135 is 

10 configured to progressively deform, shown in FIGS. 12A- 
12C, as the jaws close together. 

More particularly, central projecting portion 
135 is configured to meet a central longitudinal 
portion of lower jaw member 130B and then progressively 

15 flatten against engagement surface 136 of the lower 
jaw. Right-side and left-side portions 137A and 137B 
of jaw element 132 lie on either side of the axially- 
extending central portion 135. Engagement surface 136 
of lower jaw 130B may have any flat or crowned surface 

20 so long as it meets jaw element 132 in such a way as to 
push blood from the vessel lumen outwardly, as 
described hereinabove for the first family of 
embodiments . 

Lower jaw member 130B includes an upper 

25 surface 136, defining a vessel engagement surface or 
plane, having center portion 138 and right-side and 
left-side portions 139A and 139B on either side 
thereof. Right-side and left-side portions 139A and 
139B of lower jaw member 130B carry cooperating right- 

30 side and left-side active bi-polar electrodes 150A and 
150B. Active electrodes 150A and 150B may comprise any 
suitable material such as gold, nickel titanium, 
platinum, stainless steel, aluminum or copper and may 
be molded or bonded to face portions 139A and 139B of 
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the lower jaw member. Individual current-carrying 
wires 162a and 162b extend through introducer 82 and 
couple electrodes 150A and 150B to RF source 60 via a 
cable. 

5 optionally, jaw element 132 may include a 

channeling electrode 155, for example, in the form of a 
thin electrically conducting film, e.g., comprising 
aluminum or copper. Alternatively, the elastomeric 
material forming jaw element 132 may include, for 

10 example, a dispersion of silver particles that make the 
channeling electrode conductive. As for the first 
family of embodiments, channeling electrode 155 is not 
directly coupled to the RF source, but only indirectly 
coupled to the active electrodes through an intervening 

15 thickness of tissue. 

Channeling electrode 155 preferably is 
disposed, for example, over a center portion of jaw 
element 132 intermediate active electrodes 150A and 
150B and in opposition to jaw surface 136. 

20 Accordingly, when jaw element 132 is closed against a 
targeted vessel section, the channeling electrode is 
disposed intermediate to (and depending upon how 
closely the vessel walls are approximated, even 
overlapping) active electrodes 150A and 150B to direct 

25 the flow of RF current between electrodes 150A and 150B 
and through the tissue in contact with the channeling 
electrode. 

Referring now to FIGS. 12A-12C, a method of 
using instrument 80 of FIGS. 10 and 11 to seal a 
30 vessel, illustratively a perforator vessel such as 

described with respect to FIGS. 6 and 7, is described. 
In FIG. 12A, section 105 of a perforator vessel (or any 
other vessel) targeted for sealing is bounded by right 
and left end portions lllA and lllB, and is positioned 
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between upper and lower jaw members 130A and 130B. 
Vessel 105 has lumen 110 with endothelium 112 and blood 
115 flowing therethrough. 

In FIG. 12B, the surgeon progressively moves 
5 the jaws 130A and 130B together towards a closed 

position. Right-side and left-side faces 137A and 1378 
of the resiliently deformable jaw element 132 collapse 
as central projecting portion 135 presses vessel 105 
against engagement surface 136 of lower jaw member 

10 130B. Thus, lumen 110 at a center portion of the 

targeted vessel section collapses and the flow of blood 
115 through the vessel is pinched off and terminated. 

In FIGS. 12B and 12C, vessel 105 is shown 
being progressively collapsed from the center towards 

15 ends lllA and lllB, thereby pushing substantially all 
blood outward from the vessel section 105 targeted for 
sealing, and reducing the risk that blood trapped 
between the approximated vessel walls will interfere 
with the sealing process. FIG. 12C shows vessel 

20 section 105 captured in the jaw assembly in a closed 
position suitable for RF energy delivery. The surgeon 
then actuates a switch (not shown) so that an RF 
current flows between electrodes 150A and 150B, and is 
directed by channeling electrode 155 to seal the 

25 vessel, as described hereinabove with respect to 
FIG. 8. 

While channeling electrode 155 is expected to 
provide optimal performance, significant improvement 
still may be achieved in welding vessel 105 closed 
30 (although with slightly higher power) , even in the 
absence of channeling electrode 155. This is so 
because the progressive deformation of jaw element 132 
as it closes against lower jaw member 130B squeezes the 
blood out of lumen 110. Also, that same progressive 
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deformation of jaw element 132 applies a tensile load 
to the engaged vessel section, thereby stretching that 
section of the vessel and reducing the level of 
extracellular fluid in the collapsed vessel section. 
This in turn creates a high impedance fuse point in the 
targeted vessel section and provides the various 
advantages described hereinabove. 

Referring now to FIGS. 13 and 14A-14C, an 
alternative member of the second family of embodiments 
is described. Instrument 170 is constructed similarly 
to instrument 80 of FIGS. 10 and 11, except that upper 
jaw member 190A has a longitudinally divided crowned- 
shaped jaw element 200 having resilient right side 
member 200A and resilient left side member 200B. Axial 
15 slots 191A, 191B are provided in upper jaw member 190A 
and lower jaw member 190B, respectively, to accommodate 
reciprocating blade 193. Reciprocating blade 193, 
which may be actuated by any suitable mechanism in a 
handle portion, preferably includes thick portion 193A 
that is adapted to slide between the resilient side 
members 200A and 200B to prevent blade edge 193B from 
cutting, or being dulled by contact with, the resilient 

side members. 

Extension members 194A and 194B are adapted 
25 to open and close upper jaw 190A relative to lower jaw 
190B as described previously. Lower jaw member 190B 
includes engagement surface 195 having active 
electrodes 196A and 196B exposed thereon. Channeling 
electrodes, 197A and 197B are disposed on right side 
30 member 200A and left side member 200B, respectively. 

Referring to FIG. 14A, upper and lower jaw 
members 190A and 190B may be disposed around a vessel 
(not shown) so that as jaw element 200 closes along 
central axis 215, right and left side resilient side 



20 
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members 200A and 200B progressively squeeze blood out 
of the lumen of the vessel in the same manner as jaw 
element 132 of the embodiment of FIGS. 10 and 11. In 
FIG. 14B, channel electrodes 197A and 197B direct flow 
5 of a bi-polar RF current along engagement surface 195 
between right and left electrodes 196A and 196B, as 
previously described. Upon completion of the vessel 
welding process, the RF current is terminated/ and, as 
shown in FIG. 14C, blade 193 is advanced in axial slots 

10 191A and 191B to sever the welded vessel. 

The present invention may be readily adapted 
for use in sealing other organs or anatomic structures 
having a lumen surrounded by walls containing proteins, 
for example collagen, that may be denatured and 

15 intermixed to form a thermal biological glue. It is 
believed that most tubular organs in the body have 
walls that are capable of such RF welding utilizing the 
techniques disclosed herein. For example, various 
lumens in a patient's body may be sealed such 

20 intestines, ducts, and any other tubular organs or 
conduits in a patient's body. 

Although particular embodiments of the 
present invention have been described above in detail, 
it will be understood that this description is merely 

25 for purposes of illustration. Specific features of the 
invention are shown in some drawings and not in others, 
and this is for convenience only and any feature may be 
combined with another in accordance with the invention. 
Further variations will be apparent to one skilled in 

30 the art in light of this disclosure and are intended to 
fall within the scope of the appended claims. 
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w i^at Is n aimed Is; 

1. Apparatus for welding a vessel 
comprising: 

a first member having a first vessel engaging 

surface; 

a second member having a second vessel 
engaging surface, the second vessel engaging surface 
disposed in opposing relation to the first vessel 
engaging surface, the second member operatively coupled 
to the first member to grasp a portion of the vessel to 
define an engagement plane; 

first and second bi-polar electrodes disposed 
in spaced apart relation on one of the first and second 
members and in communication with the engagement plane, 
the first and second bi-polar electrodes adapted to be 
coupled to a source of RF energy to provide a flow of 
current between the first and second bi-polar 

electrodes; and 

a channeling electrode disposed on one of the 

first and second members at a location at least 
partially intermediate the first and second bi-polar 
electrodes and in communication with the engagement 
plane, the channeling electrode adapted to direct the 
flow of current between the first and second bi-polar 
electrodes through a portion of vessel in contact with 
the channeling electrode. 

2. The apparatus of claim 1 wherein the 
engagement plane defines a curvilinear surface. 

3. The apparatus of claim 1 wherein the 
first member forms a mating surface to the second 
member. 
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4 . The apparatus of claim 3 wherein the 
first and second members comprise first and second 
opposing jaw members, the apparatus further comprising 
an actuation mechanism for moving at least one of the 
first and second opposing jaw members towards and away 
from the other. 

5. The apparatus of claim 4 wherein the 
second jaw member comprises right and left lateral 
portions, the right and left lateral portions 
deflecting outwardly away from one another to elongate 
the engagement plane when the first jaw member engages 
the second jaw member. 

6. The apparatus of claim 5 further 
comprising a hinge element that maintains the right and 
left lateral portions of the second jaw member in 
contact with the first jaw member when the first jaw 
member contacts the second jaw member. 

7. The apparatus of claim 4 wherein the 
first jaw member comprises a resiliently deformable 
element having a central projecting portion, the 
resiliently deformable element defining the first 
vessel engaging surface, the resiliently deformable 
element adapted to flatten and stretch a section of 
vessel disposed at engagement plane when the first jaw 
member closes towards the second jaw member. 

8. The apparatus of claim 1 wherein the 
first and second bi-polar electrodes are disposed on a 
first one of the first and second members and the 
channeling electrode is disposed on the other of the 
first and second members. 
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9. The apparatus of claim 1 further 
comprising a sensor disposed on one of the first and 
second members. 

10. The apparatus of claim 9 further 
comprising an RF power controller that modulates the RF 
energy responsive to an output of the sensor. 

11. Apparatus for welding a vessel 
comprising: 

a first member having a first vessel engaging 

surface; 

a second member having a second vessel 
engaging surface, the second vessel engaging surface 
disposed in opposing relation to the first vessel 
engaging surface, the second member operatively coupled 
to the first member to grasp a portion of the vessel to 
define an engagement plane; 

means for elongating the portion of the 
vessel grasped at the engagement plane when the first 
member and second member close towards one another; and 
first and second bi-polar electrodes disposed 
in spaced apart relation on one of the first and second 
members and in communication with the engagement plane, 
the first and second bi-polar electrodes adapted to be 
coupled to a source of RF energy to provide a flow of 
current between the first and second bi-polar 
electrodes . 

12. The apparatus of claim 11 wherein the 
engagement plane defines a curvilinear surface. 

13. The apparatus of claim 11 wherein the 
first member forms a mating surface to the second 
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member , 

14. The apparatus of claim 13 wherein the 
first and second members comprise first and second 
opposing jaw members/ the apparatus further comprising 
an actuation mechanism for moving at least one of the 
first and second opposing jaw members towards and away 
from the other. 

15. The apparatus of claim 14 wherein the 
means for elongating comprise right and left lateral 
portions of the second jaw member/ the right and left 
lateral portions deflecting outwardly away from one 
another when the first jaw member engages the second 
jaw member, 

16. The apparatus of claim 14 wherein the 
means for elongating comprise a resiliently deformable 
portion of the first jaw member, the resiliently 
deformable portion having a central projecting portion 
that flattens as the first jaw member closes towards 
the second jaw member. 

17. The apparatus of claim 14 further 
comprising an axially oriented slot extending through 
the engagement plane and a blade disposed for 
reciprocation along the axially oriented slot. 

18. The apparatus of claim 14 further 
comprising a channeling electrode disposed at least 
partially intermediate the first and second bi-polar 
electrodes. 
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19, The apparatus of claim 11 further 
comprising a sensor disposed on one of the first and 
second members. 

20. The apparatus of claim 19 further 
comprising an RF power controller that modulates the RF 
energy responsive to an output of the sensor. 



PCT/US99/03379 




FIG. 1C (PRIOR ART) 

SUBSTTTUTE SHEET (RULE 26) 



wo 99/40861 



PCTAJS99/03379 




SUBSrmiTE SHEET (RULE 2S) 



wo 99/40861 



PCT/US99/03379 





FIG. 3B 



SUBSTITUTE SHEET (RULE 26) 



wo 99/40861 



PCTAJS99/03379 



4/11 



30A 




50A 



SOB 



FIG. 4 A 



30A 




50A-^ \cy ^50B 

FIG. 4B 



50A 




30A 



FIG. 4C 




30A 




SOB 



StlBSTITUTE SHSr (RULE 20) 



wo 99/40861 



PCT/US99/03379 





SUBSTITUTE SHEET (RULE 28) 



PCTAJS99/03379 

WO 99/40861 




SUBSTITUTE SHEET (RULE 26) 



wo 99/40861 



PCTAJS99/03379 



7/U 




SUBSmVIE SHEET (RIAE 20 



wo 99/40861 



PCT/US99/03379 



8/11 



O Uj 

si 
Is 






( 




{ 
{ 






1 








1 








to 












1 





I 



5: 



c:5 



?5 



1 

i 

I 

^ 



I 

to 

I 

it! 



I 



SUBSTTTUTE SHEET (RULE 28) 



wo 99/40861 



PCT/US99/03379 



9/11 



162a 



130A 




140A 



140B 



Cj] ON/OFF SWITCH 
i RF POWER SOURCE 

FIG. 10 



150A 




SUBSTITIfTE SHEET (RULE 26) 



PCTAJS99/03379 

WO99/40S61 



10/11 




FIG. 12C 

SUBSTITUTE SHEET (RULE 2B) 



wo 99/40861 PCTAJS99/03379 



;;/;; 




SUBSTTTUTE SHEET (RULE 28) 



INTERNATIONAL SEARCH REPORT 



International applicalicui^ia 
PCT/US99/03379 



[a. CLASSIFICATION OF SUBJECT MATTER 
IPC(6) :A61B 17/39 

, USCL ;606^5! . . 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



I Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 606/ 50-52 



Documentation 



searched other than minimum documentation to the extent that such documents ate included in the fields seardied 



Electronic 



data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Y 
A 
Y 



US 5.269.780 A (ROOS) 14 Decembe 1993. entire reference. 

US 5,290.287 A (BOEBEL et al) 01 March 1994. entire reference. 

US 5.702,390 A (AUSTIN et al) 30 December 1997, entire 
reference. 

US 5,833,690 A (YATES et al) 10 November 1998. entire 
reference. 



11-14 
11-20 
1144 



1144. 17. 
19.20 





Further documents arc listed in the continuation of Box C 


• 


Special crtcgoria of cited doaanrrtv 




"A" 


doasBett defining die gawnl ttite of the in 1 


ducfaitnaicoBridcvBd 


10 be of pnticuto iclemce 




•E" 


eviier dooBicot poblnbed OB or after tbe ime 


iBiiioiialfliegdiie 




doanai! which tiiy dnuw donbli on pnofir 


f claiin(s) or wfaidi b 


died to emblish die pubtkaiioo dite of ■» 
ipedH icasoB (is specfficd) 


sdier dtitioo or other 


-or 


dOpaii(riHitfcnMgtotBfltildwHWiiie»ii»>e'« 






docMNSt puMtthed prior to die iDtemnional fi 
diepftoi^ dele tlii«^»J 


Imf dftie hid hter dun 



j I Sec patent family annex. 



later oocoient publiibed efter die im«B.tion«l fitog 
SSoGtSi wiiflict with die «pplie«ioo but ated to ondcritwd die 

priwipte or dw 

eoMldettd no¥tl or cMHiot be eoMidefed to tnvolve in fBwmve 11^ 
when die document is taken itone 

docunent of particular fclevance: die *S**iSiSSi U 

««aeitd toTnvolve m S2^Si22.^2d.^SSSto 
coBboied with one or more odier iu« docwienti. sucn ammuMmu 
being ohviotts to a pcnon aldned m die ait 



document ueoiber of die same paiaat bni1y 



I Date of the actual completion of the inieniational search 
12 MAY 1999 

I Name and mailing address of the ISA/US 
CommissioiKr of Patents end Tiwtemarks 
Box POT 

WuhingttA, D.C. 20231 
I Facsi mile No> (703) 305>3230 
Form PCT/lSA/210 (second shcctXJuly 1992)* 



Date of mailing of the international search lepoit 




07JUNM . 



LEES. 

Telephone No. (703)308-2998 



